As surgical operations are more widely applied in the treatment of coronary heart disease, continued development of guidelines for the selection of patients for surgery is needed. Operative mortality and morbidity rates remain significant in many centers. The distribution and extent of coronary artery atherosclerosis and left ventricular function are thought to influence the surgical risk. Knowledge of the influence of these factors on the outcome in patients managed medically is needed, so that operative risks and results can be seen in perspective and so that patients and physicians can compare the relative merits and expected outcome of medical and combined medical-surgical treatment.
There are several recent contributions1-5 reporting the natural history of arteriographically demonstrated and graded coronary occlusive disease. Few of the series are large, however, and only two reflect a follow-up of five years or more.'p5The object of the present report is to add to the gradually accumulating body of data in this area. Record of patients who underwent coronary arteriography at the University of Michigan teaching hospitals were collected and the natural history of their disease to date is presented with emphasis on the prognostic value of the knowledge of the extent of lesions, the presence Hospital from January, 1965, through June, 1972, were reviewed. The 129 patients studied at Wayne County General Hospital, Eloise, Mich., between July, 1968, and December, 1970, were subsequently added to the review. The 1970 cut-off date was used in the latter group to assure at least two years' follow-up in those patients. All studies that were technically inadequate to allow grading of all major coronary branches were excluded. Also excluded were patients with valvular or primarily muscular heart disease.
An attempt was made to correlate the character of clinical symptoms with the artermgraphic appearance of the coronary arteries. Angina pectoris was strictly defined (Table I) as visceral pain, involving at least some part of the sternum; precipitated by effort, emotion, cold exposure, or heavy meals; lasting not longer than 20 minutes after cessation of activity; and usually promptly relieved by nitroglycerin. Pain syndromes that did not meet all these criteria were called atypical. We did not attempt to subdivide the atypical syndromes because, often, the recorded histories were not suf6ciently detailed to allow precise distinction between probable cardiac and noncardiac pain. A few patients were included who did not complain of pain but had other evidence-usually an abnormal electrocar- Follow-up information on the patients was obtained from the hospital records of those patients who attended the cardiac clinic of the participating hospital. The referring physicians of those patients who did not return were contacted by telephone and in some cases the patients were contacted personally by mail or telephone.
Results
A total of 304 patients was included in the review: 251 were men (ages 18 to 69, median 47) and 53 were women (ages 28 to 66, median 46).
The patients' presenting symptoms were compared with arteriographic scores. Close correlation was found between typical angina pectoris and serious coronary obstruction by the arteriogram.
Ninety-two per cent of the patients with typical angina had at least a two-point lesion (greater than 50 per cent obstruction) in at least one major vessel. Atypical pain was much less specific: 31 per cent of such patients had evidence of serious disease and 69 per cent had normal-appearing arteriograms of minor obstruction (less than 50 per cent occluded) in one or more vessels. Nonspecificity in the latter group was probably related to the wide range of presenting complaints included in the atypical category (Table III) .
Eighty-five patients subsequently underwent an operative procedure for coronary heart disease Wineberg mammary artery implant or saphenous vein aortocoronary bypass grafts) and are not considered further.
Ninety-five patients had relatively normal-appearing coronary arteriograms.
Two of these 95 patients died during the follow-up period ( The other patient who died was one of seven patients with relatively normal-appearing coronary arteriograms but ECG evidence of prior myocardial infarction. She was a 56-year-old white woman whose precatheterization ECG showed QRS changes of old anterior myocardial infarction. Nevertheless, her coronary arteriogram was completely normal. She was brought to the hospital, dead on arrival, after she collapsed suddenly at home two days following her arteriography.
There remained a nonoperative group of 124 patients with abnormal coronary arteriograms. For the purposes of this report of natural history only survival of the patients was considered. The follow-up period ranged from just a few months to nearly seven years, with a mean follow-up of 19 months. Of these 124 patients, 21(17 per cent) died during the follow-up period. Five per cent of these patients have been lost to follow-up.
Among those with mild to moderately severe disease (2 to 7 points) the mortality rate was 11 per cent (6 of 57); 22 per cent (15 of 67) of those with severe disease (8 to 15 points) died. Among those with single vessel disease the -mortality rate was 10 per cent (4 of 41); with two-and three-vessel disease it was 20 per cent (9 of 44) and 21 per cent (8 of 391, respectively.
It became apparent that left anterior descending disease was highly prevalent in those who died. Nineteen of 21 (90 per cent) patients who died had significant LAD disease. With the data arranged to reflect the influence of LAD involvement, the mortality rate was doubled-14 per cent (4 of 28) vs. 7 per cent (2 of 29)-in the mild to moderate disease group (two-to 7-point score) when LAD was involved. Among the severe disease patients (8 to 15 points) the mortality rate was nil (none of 13 patients) when LAD was not significantly involved (despite the presence of severe disease in the other major coronary branches). This difference is not statistically significant (p = 0.08).
Using the standard life table methods9 Figs. and 2 were derived to demonstrate survival results graphically.
The latter portion of each curve tends to flatten because of the small number of patients at the later points of follow-up and probably does not accurately reflect prognosis. This applies both to the diagram illustrating survival by total score (Fig. 11 and to Fig. 2 which illustrates the prognosis for normal subjects and for those with one-, two-, and three-vessel disease.
Seventeen patients had left main coronary artery lesions of greater than 50 per cent occlusion and eight of these (47 per cent) died within one to 23 months.
Other factors that might influence the outlook in these patients were considered. Those patients with prior history of myocardial infarction and ECG evidence of diagnostic QRS changes in-' curred a mortality rate of 21 per cent; those without definite evidence of infarction had a mortality rate of only eight per cent, Similarly, and perhaps as an effect of prior infarction, left ventricular dysfunction by cineangiocardiogram was associated with a 26 per cent mortality rate regardless of the degree of coronary artery obstruction, whereas only four per cent of those with apparently normal left ventricular function died Left ventriculograms were available for review in 90 per cent (111 of 124) of these cases.
Discussion
In this series of patients we found close correlation of typical angina pectoris, when strictly defined, with arteriographic evidence of serious (greater than 50 per cent) coronary obstruction. Our finding of 92 per cent positive correlation is consistent with previously reported resultsl+j
We found that 98 per cent of patients with normal or less than 50 per cent obstructed coronary arteries survived through the follow-up period. This finding, that normal arteriograms imply a good prognosis regardless of the severity or variety of clinical symptoms, is in agreement with recent reports.lJ+s Similarly, we found evidence confirming other report.P indicating that survival of patients with coronary artery disease treated medically or observed without treatment varies directly with the severity of the disease, the number of vessels involved, the presence of prior myocardial infarction, and left ventricular dysfunction.
We found that serious disease in the left anterior descending branch implied, over all, a worse prognosis than a normal-appearing LADwhether it was the only vessel involved or, even more strikingly, when LAD was involved in combination with disease in other vessels. This difference approached statistical significance when the coronary occlusions were high grade (8 to 15 point scores by the system used) even though numbers of patients are small and followup relatively short. We feel that, although it has been mentioned by others,5 the particular influence on the mortality rate of LAD disease has been insufficiently stressed. We conclude, from these data, that those factors which appear to adversely affect survival in surgically treated patients-namely, severe multiple vessel disease, particularly left main or anterior descending coronary artery disease, and left ventricular dysfunction-play a similar role in patients managed medically or observed without treatment.
Conversely, mild coronary disease, the absence of demonstrable prior myocardial infarction, and normal left ventricular contraction, a combination of factors thought to characterize the ideal operative candidate, appear also to portend a low mortality rate and favorable outcome when an operation is not performed.
It remains for continued follow-up of groups of patients such as ours, and of similarly well-documented and followed groups of patients having coronary operations, to demonstrate differences between the groups and answer the question whether the results of operative therapy justify the risks and expense of that mode of treatment.
Summary
Coronary cinearteriograms, clinical records, and left ventriculograms of 304 patients studied for evaluation of chest pain were reviewed. Clinical and follow-up data on survival of the normal subjects and the nonoperative group with abnormal arteriograms are presented. Ninety-two per cent of patients with typical angina pectoris had serious coronary occlusive disease. Ninety-eight per cent of patients with relatively normal coronary arteriograms survived for one to 60 or more months (mean followup period 24 months).
There was a high mortality rate when the left main coronary artery was involved (47 per cent) and when the left coronary anterior descending branch was seriously occluded (28 per cent when arteriographic scores were high and 14 per cent when total scores were low) and a low mortality rate (0 to 7 per cent) when the LAD was normal. Mean follow-up interval in these groups was 19 months.
The mortality rate was nearly three times greater when patients had QRS changes on ECG of prior myocardial infarction and six times greater when left ventricular contraction was significantly impaired.
